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DESCRIPTION 
PROCESS FOR PRODUCING SOI WAFER 

TECHNICAL FIELD 

The present invention relates to a process for producing a silicon-on-insulator 
(SOI) wafer and specifically to a process for producing an SOI wafer in which the 
surface of the SOI wafer is smoothed. 

Priority is claimed on Japanese Patent Application No. 2004-3347, filed January 
8, 2004, the content of which is incorporated herein by reference. 

BACKGROUND ART 

Compared to conventional silicon wafers, SOI wafers are superior in that 
separation between elements, a reduction in parasitic capacitance between an element 
and a substrate, and a three-dimensional structure are all possible, and they are 
consequently used in high-speed, low power consumption LSI. 

One method for producing an SOI wafer is a Smart Cut method in which 
hydrogen ions are implanted in the silicon wafer surface and then cleaving heat 
processing is performed with the result that cleaving can be performed using the ion 
implantation layer as a boundary. However, as a result of damage caused by the 
cleaving, the surface of the SOI wafer after the cleaving (i.e., the cleaving surface) ends 
up as a rough surface. In order to solve this problem, for example, the SOI wafer 
production method described in Patent Document 1 discloses smoothing processing that 
employs a vapor etching method. 

In addition, for example, in the SOI wafer production method described in 
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Patent Document 2 a technique is disclosed in which the surface of the wafer after 
cleaving undergoes oxidization processing and is then heat-processed in a reducing 
atmosphere containing hydrogen so that the surface is smoothed. 

However, in the mechanical processing method described in Patent Document 1 , 
5 the amount of polishing layer is non-uniform, and it is difficult to obtain a uniform film 
thickness distribution in the SOI layer. Because of this, the technique to smooth using 
high temperature heat processing such as is described in Patent Document 2 is used. 
However, in the method of manufacturing an SOI wafer described in Patent Document 2, 
if smoothing processing is performed using a hydrogen gas etching effect, then etching 
1 0 irregularities tend to occur. These etching irregularities cause the film thickness of the 
SOI layer to not be uniform. Moreover, because safety devices are required due to the 
use of hydrogen gas, the resulting equipment costs are high which creates problems from 
a financial standpoint. 

[Patent Document 1] Japanese Unexamined Patent Application, First Publication, 
15 (JP-A) No. HI 1-102848 

[Patent Document 2] Japanese Unexamined Patent Application, First Publication, 
(JP-A) No. 2000-124092 



DISCLOSURE OF INVENTION 
20 It is an object of this invention to provide a process for producing an SOI wafer 

that, in the production of an SOI wafer using a Smart Cut method, smoothes a cleaving 
surface after cleaving has been performed. 

It is a further object of this invention to provide a process for producing an SOI 
wafer that provides a uniform film thickness for the SOI layer while making the SOI 
25 layer extremely thin. 
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This invention is a process for producing an SOI wafer in which: an ion 
implantation layer is formed via an insulating film on a wafer that is to be used as an 
active layer by implanting ions of hydrogen or a rare gas element, the wafer for the active 
layer is then bonded via an insulating film on a base wafer so as to form a bonded wafer, 
5 and the bonded wafer is then heat processed and is cleaved off with the ion implantation 
layer taken as a boundary, wherein after the SOI wafer has been formed by heat 
processing the bonded wafer and then cleaving it off taking the ion implantation layer as 
a boundary, oxidization processing is performed on the SOI wafer so that an oxide film 
having a predetermined thickness is formed on the surface of the SOI layer, this oxide 
10 film is then removed, and the SOI wafer is subsequently heat processed in an inert gas 
atmosphere. 

In this process for producing an SOI wafer, an ion implantation layer is formed 
on a wafer that is used for the active layer using a process for forming an SOI wafer that 
is based on a Smart Cut method. Next, this active layer wafer is bonded via an 

1 5 insulating film onto a base wafer. As a result, a bonded wafer is produced in which two 
wafers are bonded together via an insulating film. Subsequently, by performing 
cleaving heat processing on this bonded wafer, cleaving can be achieved taking the ion 
implantation layer as a boundary. At this time, the roughness (root mean square; rms) 
of the surface of the SOI wafer after cleaving is 10 nm or less. 

20 In addition, oxidization processing is performed on the SOI wafer in, for 

example, an oxidizing atmosphere. As a result, an oxide film having a predetermined 
thickness is formed on the surface of the SOI layer. The thickness of the oxide film at 
this time is 4000 A. After this, the oxide film on the SOI wafer is removed by, for 

example, HF etching. As a result, the SOI layer of the SOI wafer is made more uniform 
25 than it was after the cleaving, and can also be made thinner. 
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Subsequent to this, heat processing is performed, for example, for approximately 
three hours or more at a temperature of 1 100 °C or more in an argon gas atmosphere. 
The surface of the SOI wafer is re-crystallized (migration) by the argon gas. 

As a result, the root mean square roughness (rms) (10 (am x 10 jxm) of the 
5 surface of the SOI wafer can be reduced to 0.1 nm or less. 

When complete separation has been achieved in the cleaving heat processing, 
the oxidization processing can be performed in the same furnace consecutively with the 
cleaving heat processing. In addition, the smoothing heat processing can combine as 
bonding heat processing. 
10 In the heat processing of an SOI wafer that is based on a Smart Cut method, 

there is cleaving heat processing in which cleaving is performed using the ion 
implantation layer as a boundary, and enhancement bonding heat processing in which the 
bonding between the active layer wafer and the base wafer after the cleaving is enhanced. 
After the cleaving heat processing, the SOI wafer is damaged by the cleaving and the 
1 5 surface thereof has been roughened. Therefore, after the cleaving processing, 
smoothing heat processing is performed by holding the SOI wafer in an inert gas 
atmosphere at a predetermined temperature. Subsequently, oxidization processing is 
performed on the SOI wafer in the oxidizing atmosphere. This oxide film is removed 
using, for example, HF solution. As a result, the SOI layer can be made thinner. 
20 In the process for producing an SOI wafer of the present invention, in the above 

described heat processing in the inert gas atmosphere, it is preferable that the SOI wafer 
is held for approximately three hours or more at a temperature of 1 1 00 °C or more in an 
argon gas atmosphere. 

The temperature during the smoothing heat processing is 1 100 °C or more. If 
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the temperature is less than 1100 °C, then it is not possible to re-crystallize the surface of 
the SOI wafer. Accordingly, the smoothing of the surface of the SOI wafer is 
insufficient. 

In this process for producing an SOI wafer, the SOI wafer is heat processed by 
5 being held for approximately three hours at a temperature of 1 1 00 °C or more. The 

argon gas has a smaller etching effect on the surface of the SOI wafer than does hydrogen 
gas. However, it does have the effect of making the surface of the SOI wafer that has 
become rough after the cleaving smooth as a result of the re-crystallization (i.e., of the 
migration). As a result, the surface of the SOI wafer is re-crystallized (i.e., migration 
10 occurs) and, in addition, the surface thereof is smoothed. If the temperature of the 
smoothing heat processing is 1 100 °C or more, then the surface of the SOI wafer is 
sufficiently re-crystallized. Moreover, this heat processing can also perform the 
additional function of strengthening the adhesion. 

In the process for producing an SOI wafer of the present invention, it is 
1 5 preferable for the oxidization processing to be performed at a temperature of 600 °C to 
1000 °C. 

In a process for producing an SOI wafer that is based on Smart Cut technology, 
after cleaving has been performed using the ion implantation layer as a boundary, the SOI 
wafer undergoes oxidization processing in an oxidizing atmosphere. The temperature 
20 of the oxidization processing is in a range of 600 °C to 1000 °C and the oxidization 
processing time is not restricted. 

In this process for producing an SOI wafer, the temperature during the 
oxidization processing is in a range of 600 °C to 1000 °C, and is more preferably in a 
range of 600 °C to 800 °C. If this temperature is less than 600 °C, then it is difficult to 
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form a satisfactory oxide film. If, on the other hand, the temperature exceeds 1000 °C, 
then the roughness of the surface of the SOI wafer cannot be maintained and there is 
deterioration in the uniformity of the SOI layer 

Furthermore, in the process for producing an SOI wafer of the present invention, 
5 it is preferable for the oxide film to have a thickness of 4000 A or more. 

In this process for producing an SOI wafer, the thickness of the oxide film that is 
formed on the surface of the SOI wafer after cleaving is 4000 A or more. If the 

thickness is less than 4000 A, then it is not possible to sufficiently smooth the surface of 

the SOI layer even if the subsequent heat processing is performed in an argon gas 
10 atmosphere. 

In this manner, according to the present invention, in a process for producing an 
SOI wafer using Smart Cut technology, if an SOI wafer after cleaving is heat processed 
in an oxidizing atmosphere, then an oxide film of 4000 A or more is formed on the 
surface of the SOI layer. Thereafter, the oxide film is removed, for example, by HF 
1 5 etching. As a result, the SOI layer is made uniform and a reduction in the film 
thickness thereof is possible. 

Next, smoothing heat processing is carried out while the SOI wafer is held in an 
argon gas inert atmosphere at a temperature of 1 1 00 °C. As a result, the surface of the 
SOI wafer (i.e., the cleaving surface) is re-crystallized (i.e., migration occurs) and this 
20 surface is smoothed. 

As a result, according to the present invention, it is possible to reduce the root 
mean square roughness (rms) (10 x 10 n) of the surface of this SOI layer to 0.1 nm or 
less. 

In addition, when complete separation has been achieved in the cleaving heat 
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processing, the oxidization processing can be performed in the same furnace 
consecutively with the cleaving heat processing. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 FIG 1 is a process diagram showing a process for producing an SOI wafer 

according to an embodiment of this invention. 

FIG 2 is a graph showing a relationship between a heat processing temperature 
and time from cleaving heat processing to smoothing heat processing in a process for 
producing an SOI wafer according to an embodiment of this invention. 

10 

BEST MODE FOR CARRYING OUT THE INVENTION 
An embodiment of this invention will now be described with reference to FIGS. 

1 and 2. 

Here, a process for producing an SOI wafer in which an SOI layer is formed 
1 5 using a Smart Cut method is described. 

The production of an SOI wafer using a Smart Cut method according to the 
present embodiment is achieved using steps such as that shown in A to G in FIG 1 . 

Firstly, two silicon wafers are prepared by taking slices from a silicon ingot that 
has been grown using a CZ method and doped with boron. One of these two silicon 
20 wafers is used for an active layer, while the other silicon wafer is used for base. 

Moreover, as is shown in step A in FIG 1, an oxide film is formed on a surface of the 
silicon wafer that is used for the active layer. The oxide film is formed by placing the 
silicon wafer inside an oxidization furnace and then heating it at a predetermined 
temperature for a predetermined length of time. At this time, the thickness of the oxide 
25 film that is formed is 1 50 nm. 



1 

8 

Next, the wafer for the active layer on which an oxide film has been formed is 
set inside a vacuum chamber of an ion implanter. Next, as is shown in step B, hydrogen 
ions in a dosage amount of 1.0 El 6 atoms/ cm 2 and at an acceleration voltage of 50 keV 
are implanted via the oxide film into the surface of the wafer for the active layer. The 
5 hydrogen ions are implanted to a position located a predetermined depth from the surface 
of the wafer for the active layer resulting in an ion implantation layer being formed at a 
position located at a predetermined depth (i.e., in a range located at a predetermined 
depth in the silicon substrate) in the wafer for the active layer. 

Next, as is shown in step C, the active layer wafer that has been implanted with 
1 0 hydrogen ions is bonded to the base wafer with the surface that was implanted with the 
ions (i.e., the oxide film surface) used as the adhesion surface. As a result, a bonded 
wafer is formed in which an insulating film (i.e., the oxide film) is interposed at the 
adhesion interface. 

As is shown in step D, the bonded wafer then undergoes heat processing in a 
1 5 nitrogen gas atmosphere at approximately 500 °C. As a result, a hydrogen gas bubble is 
formed in the ion implantation layer of the bonded wafer, and a portion of the active 
layer wafer (i.e., a portion of the bonded wafer) is cleaved off with the ion implantation 
layer where the bubble is formed forming a boundary. Namely, the bonded wafer is 
separated into an SOI wafer in which an SOI layer (i.e., a portion of the active layer 
20 wafer) is stacked via an oxide film on a base wafer, and the remaining active layer wafer. 
The root mean square roughness (rms) (10pm x 10pm) of the surface of the SOI wafer at 
this time is 1 0 nm or less. 

The process thus far is the same as the process used in an SOI wafer production 
method that is based on a typical Smart Cut method. 
25 Next, as is shown in step E in FIG 1 and in FIG 2, wet oxidization processing is 
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then performed for one hour on the SOI wafer at a temperature of 650 °C in an oxidizing 
atmosphere. As a result, an oxide film having a predetermined thickness is formed on 
the surface of the SOI layer. 

Next, as is shown in step F, this oxide film is removed by, for example, HF 
5 etching. This makes the thickness of the SOI layer uniform and also makes it thinner. 

The above described series of steps (i.e., the oxidization processing and the HF 
etching) can be performed a plurality of times. This makes it possible to make the SOI 
layer even thinner while maintaining the smoothed roughness. Namely, if there is a 
large machining allowance in the SOI layer, then after the oxidization processing has 
10 been performed so as to form the oxide film, the SOI layer can be made extremely thin 
by repeating the step to remove the oxide film by, for example, HF etching. 

The reason why the wet oxidization processing is performed is because, if 
oxidization processing is performed in a dry oxidization atmosphere, then the oxidization 
rate is slow, and an extended period of heat processing is required. Moreover, it is also 
1 5 effective if hydrogen gas is added or if a gas type having a high oxidization rate such as 
HCI oxide is used. 

Furthermore, oxidization processing is also required in low temperature areas 
where the formation of the oxide film is anisotropic. The temperature of the oxidizing 
atmosphere at this time is within a range of 600 °C to 1 000 °C, and more preferably, 
20 within a range of 600 °C to 800 °C. 

Next, as is shown in step Q smoothing heat processing is performed on the SOI 
wafer after the cleaving heat processing. This smoothing heat processing involves 
holding the SOI wafer for approximately three hours in an argon gas atmosphere at a 
temperature of 1 100 °C or more. 
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It has been confirmed that the root mean square roughness (rms) (10 jam x 1 0 
(im) of an SOI wafer that has been created using the steps A to G shown in FIG. 1 is 
improved to 0.06 nm. In contrast, the root mean square roughness (rms) (10 jxm x 10 
|j.m) of an SOI wafer that was created without the oxidization processing shown in step E 
5 and the HF dipping shown in step F being performed from among the above described 
steps A to G was only improved to 0.2 nm. 

The thickness of the oxide film will now be considered. When the hydrogen 
ion implantation conditions are, for example, those described above, the thickness of SOI 
layer after cleaving is approximately 4000 A. A 4000 A oxide film is formed on this 

10 SOI wafer and the thickness of the SOI layer after this has been removed is 2000 A. 

Accordingly, the oxide film (i.e., the BOX layer) directly below the SOI layer is not 
reached. However, if the acceleration voltage of the hydrogen ions is low, then the 
thickness of the SOI layer after the cleaving is too thin and the oxide film reaches the 
BOX layer. Accordingly, the thickness of the SOI layer immediately after the cleaving 
15 must be 2000 A. 

The final thickness of the SOI layer is generally 500 A to 1000 A. Accordingly, 

in consideration of the conditions of the oxidization processing and the smoothing heat 
processing, the thickness of the SOI layer immediately after the cleaving is preferably 
3 000 A to 4000 A. 

20 If the temperature of the smoothing heat processing is 1200 °C or more, there is 

a possibility that slip dislocation will occur. Accordingly, a temperature of 1 100 °C to 
1 1 50 °C is preferable. In consideration of throughput, it is also preferable that the heat 
processing time is approximately three hours. 

Next, the results of experiments that were performed while altering the 
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respective conditions for the above described oxidization processing and smoothing heat 
processing are shown. 

The smoothing heat processing temperature for an SOI wafer that was prepared 
using the above described steps A to D was held to 1050 °C to 1300 °C while the time 
5 was gradually changed from one hour to four hours. The thickness of the oxide film 
was also changed in stages from 3000 A to 5000 A. A known method was used to 
evaluate the root mean square roughness (rms) (10[imx 10 jam) of the surface of the SOI 
layer of each of these SOI wafers. The evaluation results are shown in Table 1 below. 



Table 1 



Temperature and time 


Oxidization film (A) 


3000 


4000 


5000 


1050 °Cx 1 hr 


X 


X 


X 


1050 °Cx2hr 


X 


X 


X 


1050 °C x 3 hr 


X 


X 


X 


1050 °Cx4hr 


X 


X 


X 


1100 °Cx 1 hr 


X 


X 


X 


1100 °Cx 2hr 


X 


X 


X 


1100 °Cx3hr 


X 


o 


o 


1100 °Cx4hr 


X 


o 


o 


1200 °C x 1 hr 


X 


o 


o 


1200 °Cx2hr 


X 


o 


o 


1200 °C x 3 hr 


X 


o 


o 


1200 °Cx4hr 


X 


o 


o 
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wherein, O : ^ 0.1 nm (10 jam x 10 jam, rms) 

X : > 0.1 nm (10 Jim x 10 pm, rms) 
From the above experiment results, the following was confirmed. Namely, 
when a cleaved SOI wafer first undergoes oxidization processing, then has this oxide 
film removed, and then undergoes smoothing heat processing by being held for 
approximately three hours or more in an argon gas atmosphere at a temperature of 1 1 00 
°C, the root mean square roughness (rms) (10 |im x 10 jim) of the surface of this SOI 
layer was able to be reduced to 0. 1 nm or less. 

While preferred embodiments of the invention have been described and 
illustrated above, it should be understood that these are exemplary of the invention and 
are not to be considered as limiting. Additions, omissions, substitutions, and other 
modifications can be made without departing from the spirit or scope of the present 
invention. Accordingly, the invention is not to be considered as limited by the 
foregoing description and is only limited by the scope of the appended claims. 

INDUSTRIAL APPLICABILITY 
According to the method for producing an SOI wafer of the present invention, it 
is possible when producing an SOI wafer using a Smart Cut method, to smooth a wafer 
cleaving surface after cleaving has been performed and to provide a uniform film 
thickness for the SOI layer while making the SOI layer extremely thin. 



